Far infrared magneto-absorption experiments performed at 1.6K in HgCdTe-CdTe heterojunctions show that a two-dimensional electron gas is formed in the HgCdTe layer at the HgCdTe-CdTe interface. The electron effective masses of the two populated subbands is obtained and compared to previous theoretical calculations.
The electron transfer across the interface involves deep traps in the CdTe layers.
We report magneto-optical experiments at low temperatures performed on a two-dimensional electron gas in Hgl-xCdXTe-CdTe heterojunctions grown by molecular beam epitaxy (MBE) . With this growth technique, the interfaces are better. defined than in the metal-oxide-semiconductor (MOS) structures which have been used until now to study two-dimensional electron gases in 11-VI compounds [I] . The samples (Sl, S2) used here were grown by MBE [21 on GaAs substrates with the following growth sequence: for sample S1, a (100) CdTe buffer layer with thickness dl -2.02pm, a Hgo 8Cd0 2Te layer with thickness d2=1.02p, and a CdTe cap layer with thickness d3=300A: for sample 52, a (100) CdTe buffer layer (dl=2.06p), a HgTe sandwich layer with thickness dSw=100A, a Hgo 8Cd0 2Te layer (d2=0.89pm), and a CdTe cap layer (d3-300A). The far-infrared magneto-absorption experiments reported here were done at 1.6K using as an infrared source a molecular laser pumped by a C02 laser.
Typical transmission spectra obtained at different infrared wavelengths are given in Figure 1 for sample S1 and 8 = 0', where 8 is the angle between the direction of the magnetic field and the normal to the layer plane. Two transmission minima can be clearly seen. As shown in Figure 2 , the magnetic field positions of the minima depend on 8, and varies roughly as (cod)-', indicating that we are dealing with a two-dimensional System. Figure 3 gives as a function of B the infrared photon energy, E l corresponding to the transmission minima detected for 8=0' (Fig.1) . The observed optical transitions extrapolate to an energy E-0 at B=O. Taking into account the n-type nature of the investigated structures, as obtained from Hall experiments, these transitions are attributed to two-dimensional electron cyclotron resonance transitions. The weak feature appearing in Fig.2 at B-0.5T for 8=45' may correspond to bulk cyclotron resonance in the HgCdTe layer, with an electron effective mass m*=O. 0055 mo. Quantum Hall effect measurements at 4.2K yield a two-dimensional electron density, nS, a few times 10"crn'~, and a simple analysis of the width of these cyclotron lines yields an electron mobility ~-5 x 1 0~c m~~-' s -' . Thus, it is quite reasonable to consider that a two-dimensional electron gas occurs in this HgCdTe-CdTe heterojunction. We now seek to establish that:
(i) the charge transfer occurs at least in part from the wide gap CdTe deep traps to the narrow gap HgCdTe layer, and (ii) the observed two-dimensional electron gas occurs at the heterojunction interface and not at 'the surface of the sample. Figure 4 gives schematically the variation of the T6 conduction and T8
valence band-edges in sample S1 in the z direction perpendicular to the plane of the layers, taking into account electron transfer from the CdTe to the Hgo gCdO 2Te layer. The band gaps of CdTe and Hgo aCdO 2Te at 1.6K are 1.6eV and 60meV, respectively. The valence band offset between these two materials is not known, but it should be roughly similar to the HgTe-CdTe of £set . Unfortunately, the offset in HgTe-CdTe heterostructures is not yet firmly established, since reported values range from 40 to 350mev [3-51. In any case', it is substantially smaller than 0.8eV, half the band gap of CdTe. In addition, the Fermi level, EF, in the CdTe layer is approximately located at the CdTe mid-gap, as shown by XPS measurements and transport measurements on CdTe epilayers grown under similar MBE conditions. This leads to the situation shown in Fig. 4 and, as a result, we believe that the two-dimensional electron gas is at least partly due to electron transfer from CdTe mid-gap deep levels to the HgCdTe layer, even if bulk HgCdTe electrons contribute to the kwo-dimensional layer.
Turning to point (ii), the data shown in Fig. 3 imply that two electron subbands, with energies E l and E2, are populated.
The corresponding electron effective masses are ml=0.016 m0 and m2=0.007 mo for B-IT. The value of m, is comparable to that obtained recently (-0.015 mo) in an inversion layer occurring in a (p-type) Hgo aCdO 2Te MOS structure with a comparable electron density 161.
Detailed agreement is not expected because the shape of the quantum well in the MOS structure is necessarily different from that in sample S1, where one is dealing with an accumulation layer.
In sample S2, the situation is somewhat more complicated because of the inclusion of a thin HgTe sandwich layer. The experimental data from S2 suggest the existence of a two-dimensional electron gas with two populated electron subbands, as in S1. However, in 52, due to the thinness of the HgTe sandwich layer, the two-dimensional electron gas is partially located in both the HgTe and Hgo 8Cd0 2Te layers, a new situation in semiconductor hetero junctions.
In S2, the experimental electron effective masses are
m1=0.023 mo and m2=0.013 mo a t B -I T w i t h v a l u e f o r nS s i m i l a r t o t h a t i n S1.
A s a consequence of t h e HgTe c o n d u c t i o n band mass ( -0 . 0 3 m o ) , m l and m2 a r e l a r g e r i n S2 t h a n i n S1 b u t , n e v e r t h e l e s s , s m a l l e r t h a n t h e HgTe b u l k mass.
T h i s i s c o n s i s t e n t w i t h t h e two-dimensional e l e c t r o n g a s b e i n g l o c a t e d a t
t h e h e t e r o j u n c t i o n i n t e r f a c e i n t h e s e samples. F i n a l l y , t h e e x p e r i m e n t a l r e s u l t s a r e u n a f f e c t e d by chemical e t c h i n g ( u s i n g bromine m e t h a n o l ) o f t h e e n t i r e CdTe cap l a y e r and up t o one h a l f of t h e HgO8Cdo2Te e p i l a y e r . Thus,
we b e l i e v e t h a t t h e o b s e r v e d two-dimensional e l e c t r o n g a s i s l o c a t e d a t t h e h e t e r o j u n c t i o n i n t e r f a c e .
U n f o r t u n a t e l y , due t o l a r g e d i f f e r e n c e s i n nS, it i s n o t p o s s i b l e t o make a s i g n i f i c a
a n d s w i t h ml=0.015 mo a n d m2=0. 010 mo i n t h e c a s e o f MOS Hgo 8Cd0 2Te s t r u c t u r e s w i t h N -N -1 0 '~c r n -~. These v a l u e s a r e c o n s i s t e n t w i t h A Dt h e r e s u l t s o b t a i n e d i n sample S1.
I n any c a s e , p r e c i s e c a l c u l a t i o n s w i l l be c o m p l i c a t e d by t h e r e s o n a n c e between t h e i n t e r f a c e w a v e f u n c t i o n and t h e b u l k ' Hgo 8Cd0 2Te v a l e n c e band [ 1 , 1 0 ] . I n t h e c a s e of sample S2, f u r t h e r c o m p l i c a t i o n r e s u l t s from t h e p r e s e n c e of t h e HgTe sandwich l a y e r .
I n summary, we have demonstrated t h a t a two-dimensional e l e c t r o n g a s can
occur i n Hgl -X C d Te-CdTe h e t e r o j u n c t i o n s . The e l e c t r o n transfer i n v o l v e s d e e p c e n t e r s i n t h e gap o f t h e CdTe l a y e r , c o r r e s p o n d i n g t o a new c h a r g e t r a n s f e r mechanism. S c h e m a t i c v a r i a t i o n o f t h e c o n d u c t i o n a n d v a l e n c e b a n d s i n t h e z d i r e c t i o n f o r sample S1.
